Kefir is a low cost fermented milk or sugary water product with several health benefits influenced by variable highly complex microbial consortia as well as metabolites such as organic acids, kefiran and other exopolysaccharides (EPSs) [1] . Microbial EPSs are biosynthetic polymers, mainly composed of carbohydrates secreted by bacteria [2] , fungi [3] and cyanobacteria [4] . Exopolymers are categorized into two groups as (1) Heteropolysaccharides with high molecular mass consisting of numerous sugar monomers, synthesized by the orchestrated action of various glycosyl transferases, and (2) Homopolysaccharides that normally have lower molecular mass consisting of one sugar monomer synthesized by one or few glycosyl transferases [5] . The bioactivities of these microbial EPSs are not clearly understood, however they have typically been attributed to the presence of excessive numbers of different monomers, high hydrophobicity and a strong anionic nature [6] . The EPS content in kefir contributes to the organoleptic properties, texture and rheology of the finished product [7] , and may also confer a wide range of bioactivities such as anti-inflammation, anticancer, antioxidant and antibacterial attributes. EPSs from Bacteroides fragiThe aims of this work were to characterize and determine bioactivities of crude exopolysaccharide (EPS) extract from Bacillus tequilensis PS21 isolated from milk kefir from Kampaeng Petch, Thailand. B. tequilensis PS21 produced 112.1 mg dried EPS/l from initial 80 g/l lactose in modified TSB media at 52 h, with EPS product yield of 8.9 mg EPS/g lactose and specific product yield of 0.3 mg EPS/mg biomass. The FTIR result confirmed EPS to be a protein-bound polysaccharide and SEM analysis showed the morphology to be a grainy appearance with an uneven surface, covered with pores. HPLC analysis determined EPS as a heteropolysaccharide consisting of five sugar units with the following molar ratios; xylose (17.65), glucose (2.54), ribose (1.83), rhamnose (1.23), and galactose (1). Chemical components of this EPS were predominantly carbohydrate at 697.8 mg/g EPS (65%), protein 361.4 mg/g EPS (34%), and nucleic acid 12.5 mg/g EPS (1%). The EPS demonstrated antioxidant activities at 57.5% DPPH scavenging activity, 37.2 µM Fe(II)/mg EPS and 34.9 µM TEAC µM/mg EPS using DPPH, FRAP and ABTS assays, respectively. EPS also exhibited anti-tyrosinase activity at 34.9% inhibition. This work represents the first finding of EPS produced by Bacillus sp. from Thai milk kefir which shows potential applications in the production of antioxidant functional foods and whitening cosmetics. However, optimization of EPS production for industrial exploitation requires further study to ascertain the economic potential. however, EPSs from other bacteria in kefirs such as Bacillus sp. have remained largely underexplored. Bacillus has some advantages over Lactobacillus with greater tolerance to heat, acid and enzyme due to its spore-forming property, and it is a promising probiotic alternative candidate for human health. In our previous research on microbial diversity in Thai milk kefir, we found 24 species of Bacillus with EPS-producing capacity on glucose, sucrose and lactose [11] . EPS from lactose (80 g/l) by Bacillus tequilensis PS21 displayed the highest antioxidant activity using DPPH assay (preliminary data); however, the composition of sugar(s), surface morphology and potential antioxidant and anti-tyrosinase bioactivities are yet to be identified and were the focus of this study. Bacillus EPS may offer potential for use in the food industry, with cosmetic, medical and other biotechnological applications.
Introduction
Kefir is a low cost fermented milk or sugary water product with several health benefits influenced by variable highly complex microbial consortia as well as metabolites such as organic acids, kefiran and other exopolysaccharides (EPSs) [1] . Microbial EPSs are biosynthetic polymers, mainly composed of carbohydrates secreted by bacteria [2] , fungi [3] and cyanobacteria [4] . Exopolymers are categorized into two groups as (1) Heteropolysaccharides with high molecular mass consisting of numerous sugar monomers, synthesized by the orchestrated action of various glycosyl transferases, and (2) Homopolysaccharides that normally have lower molecular mass consisting of one sugar monomer synthesized by one or few glycosyl transferases [5] . The bioactivities of these microbial EPSs are not clearly understood, however they have typically been attributed to the presence of excessive numbers of different monomers, high hydrophobicity and a strong anionic nature [6] . The EPS content in kefir contributes to the organoleptic properties, texture and rheology of the finished product [7] , and may also confer a wide range of bioactivities such as anti-inflammation, anticancer, antioxidant and antibacterial attributes. EPSs from Bacteroides fragi-
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Keywords: Antioxidant, anti-tyrosinase, Bacillus, exopolysaccharide, lactose, rhamnose *Corresponding author Tel: +66-43754085, Fax: +66-43754086 E-mail: vijitra.l@msu.ac.th ulation against diseases such as colitis and experimental allergic encephalomyelitis [8] . EPS from Lactobacillus plantarum 70810 significantly inhibited the proliferation of HepG-2, BGC-823, especially HT-29 tumor cells [9] while EPS from Bifidobacterium bifidum WBIN03 and Lactobacillus plantarum R315 exhibited antioxidant and antibacterial activities against Cronobacter sakazakii, Escherichia coli, Listeria monocytogenes, Staphyloccocus aureus, Candida albicans, B. cereus, Salmonella typhimurium, and Shigella sonnei [10] . EPS activities of Lactobacillus spp. in kefirs have been studied in great detail; however, EPSs from other bacteria in kefirs such as Bacillus sp. have remained largely underexplored. Bacillus has some advantages over Lactobacillus with greater tolerance to heat, acid and enzyme due to its spore-forming property, and it is a promising probiotic alternative candidate for human health. In our previous research on microbial diversity in Thai milk kefir, we found 24 species of Bacillus with EPS-producing capacity on glucose, sucrose and lactose [11] . EPS from lactose (80 g/l) by Bacillus tequilensis PS21 displayed the highest antioxidant activity using DPPH assay (preliminary data); however, the composition of sugar(s), surface morphology and potential antioxidant and anti-tyrosinase bioactivities are yet to be identified and were the focus of this study. Bacillus EPS may offer potential for use in the food industry, with cosmetic, medical and other biotechnological applications.
Materials and Methods

Media and growth conditions
The overnight B. tequilensis PS21 culture of 10 8 CFU/ml was inoculated using 3% (v/v) starter culture in 500 ml modified Tryptic Soy Broth (mTSB) media pH 6.8 without glucose (17 g/l tryptone, 3 g/l phytone, 5 g/l NaCl, 2.5 g/l K 2 HPO 4 ), containing 80 g/l of lactose as a precursor for EPS production in Erlenmeyer flasks aerobically incubated at 37℃ at 200 rpm for 72 h. Viable cell counts and pH values of bacterial culture were monitored at several time intervals over 72 h. Viable cell counts were performed using serial dilutions (10
) on mTSB agar incubated at 37℃ for 24 h. The pH values were measured using a pH meter (Ezdo, Taiwan). Results were recorded in triplicate throughout the experiment unless otherwise stated. Since the maximum EPS production was found at 52 h, cultures (1 ml) collected at 0 h and 52 h were then determined for lactose consumption by HPLC analysis. All chemicals were purchased from Sigma-Aldrich (USA) unless stated otherwise.
Extraction of crude EPS
The bacterial culture was collected at 52 h at stationary phase and 100 µl was subjected to gram staining for light microscopic analysis at 1,000× magnification using a microscope Primo Star (Zeiss, Germany). The culture was centrifuged at 16,100 ×g at 4℃ for 30 min and then two volumes of cold absolute ethanol (RCI Labscan Ltd., Thailand) was added to the supernatant and kept at 4℃ for 24 h without shaking. After centrifugation, the EPS precipitate was washed twice with absolute ethanol. The fresh cell pellet from centrifugation and fresh EPS were weighed and then dried to constant weight in an oven at 60℃ to determine dry weight cell biomass and EPS. Dried EPS (200 mg) was then dissolved in 10 ml sterile distilled water and 20% (v/v) trichloroacetic acid (Sigma-Aldrich, USA) was added to remove protein contamination as a precipitate at 4℃ for 1 h. The mixture was then centrifuged at 16,100 ×g for 10 min. The supernatant (EPS fraction) was partially purified using Vivaspin 10 kDa MWCO membrane ultrafiltration (Sartorius, Germany) and freeze dried. Dried crude EPS was weighed and kept at -20℃ until required for use.
Quantification of chemical contents in EPS
Lowry's method [12] was used to estimate the protein content of EPS (20 mg EPS/ml in Milli-Q water) using bovine serum albumin as the standard. Nucleic acid content of EPS was measured at A 260nm as previously reported [13] using a M965+ microplate reader (Metertech, Taiwan) and carbohydrate was analyzed following the phenol-sulfuric acid method [14] .
Fourier transform infrared analysis
Functional groups of EPS were recorded by Spectrum GX Fourier transform infrared (FTIR) microscope (PerkinElmer Inc., USA) at the Faculty of Science, Mahasarakham University, Thailand. Samples were prepared by grinding dried EPS (1 mg) with KBr pellets (20 mg) in 1:20 w/w ratio and then scanning by FTIR from 400 to 4,000 cm
Scanning electron microscopic analysis
Scanning electron microscope (SEM) was used to study the surface morphology of crude EPS extract. Dried EPS (2 mg) was coated with a 30 nm layer of gold before observing under SEM (Leo/1450 Carl Zeiss, Germany) at accelerating voltage of 5 kV at the Faculty of Engineering, Khon Kaen University, Thailand.
HPLC analysis of sugar component in EPS
To determine the monosaccharide composition of bacterial EPS, 5 mg EPS was first hydrolyzed with 2 M trifluoroacetic acid (TFA) at 100℃ for 6 h. The hydrolysate was then neutralized with 1 N NaOH and filtered through a carbohydrate analysis column at 65℃ as previously reported [15] . The mobile phase used was 0.005 M H 2 SO 4 at a flow rate of 0.5 ml/min for 40 min/sample. Sugar components in EPS were identified using authentic monosaccharide sugar standards purchased from Sigma-Aldrich (USA). Sugar quantification was determined from the standard curves of each authentic sugar ( Fig. S1 and Table  S1 ).
DPPH free radical scavenging assay
Antioxidant activity of EPS was evaluated through the free radical scavenging effect on 2,2′-diphenyl-1-picrylhydrazyl (DPPH) radical (Sigma-Aldrich, USA) as previously reported [16] . One hundred microliters of 0.2 mM DPPH methanolic solution were added to 100 µl of EPS solution (20 mg/ml) and the mixture was mixed thoroughly and kept in the dark for 15 min. The negative control was prepared by adding 100 µl of water instead of EPS, a positive control was prepared by adding 100 µl of 10 mM ascorbic acid (Sigma-Aldrich, USA) instead of EPS and a blank was absolute methanol (RCI Labscan Ltd., Thailand).
Absorbance was measured at 517 nm using a spectrophotometer with results expressed in % scavenging activity as the following equation:
where A sample = EPS, A blank = Methanol, A control = water
Ferric reducing/antioxidant power assay (FRAP)
The antioxidant activity of EPS was evaluated using a FRAP assay with some modifications [17] . FRAP reagent was prepared in 300 mM acetate buffer pH 3.6 by adding acetic acid, 10 mM 2,4,6-Tri(2-pyridyl)-s-triazine (SigmaAldrich, USA) solution in 40 mM HCl and 20 mM iron (III) chloride solution in proportions of 1:1:10 (v/v), respectively. A total of 100 µl EPS solution (20 mg/ml) was added to 3 ml of the FRAP reagent, mixed well and incubated for 15 min. The negative control was prepared by adding 100 µl of water instead of EPS, the positive control was prepared by adding 100 µl of 10 mM ascorbic acid instead of EPS and the blank was water. Absorbance was measured at 595 nm using a spectrophotometer. The standard curve of ferrous (II) sulfate was constructed to determine the FRAP value. Results were expressed as µM ferrous ion per milligram EPS (µM Fe (II)/mg EPS).
ABTS
•+ scavenging assay ABTS •+ scavenging assay was carried out with some modifications [18] . A total of 100 µl EPS sample (20 mg/ ml) was added to 1,000 µl of 2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid (ABTS
•+
) radical cation (SigmaAldrich, USA) solution and mixed well. The negative control was prepared by adding 100 µl of water instead of EPS, the positive control was prepared by adding 100 µl of 10 mM Trolox (Sigma-Aldrich, USA) instead of EPS and the blank was water. Absorbance was measured at 734 nm after 15 min incubation at room temperature. The Trolox equivalent antioxidant capacity (TEAC) value of EPS was calculated from the Trolox standard curve and expressed in µM TEAC/mg EPS.
Effect of EPS concentration on antioxidant activity
EPS concentrations of 5, 10, 15, 20 µg/ml and 5, 10, 15, 20 mg/ml were tested for their DPPH scavenging antioxidant activity (%) using DPPH assay as mentioned above. Mannitol and ascorbic acid (Sigma-Aldrich, USA) of the same concentrations were used as a negative control and a positive control, respectively.
Tyrosinase inhibition by EPS
This was performed following the previous report [19] . Ten microliters of EPS extract (20 mg/ml) was mixed with 20 µl of 1,000 U/ml mushroom tyrosinase (Sigma-Aldrich, 
Results
Preliminary data indicated that crude EPS of B. tequilensis PS21 exhibited the highest DPPH scavenging activity among the 24 Bacillus species present in Thai milk kefir from Kampaeng Petch, Thailand. This was selected to study growth curves, pH, fresh and dry weight of cell biomass and also fresh and dry weight of crude EPS produced from 80 g/l lactose. The B. tequilensis PS21 growth curve started from 10 8 CFU/ml at 0 h of cultivation and reached 10 10 CFU/ml 24 h after entering its stationary phase up to 72 h (Fig. 1A) . The pH initially dropped from initially 6.80 to 4.80 at 24 h suggesting production of acid metabolites and then remained fairly constant at 4.80 during the stationary phase between 24−72 h (Fig. 1A) . B. tequilensis PS21 started EPS production at 0 h and exhibited fast EPS production rate between 10 h and 30 h. Highest EPS production of 112.1 mg EPS/l was observed at 52 h (Fig.  1A) , thus B. tequilensis PS21 culture was collected at 52 h for EPS extraction. Ethanol precipitation of EPS in clear culture supernatant for 24 h at 4℃ apparently showed the formation of EPS sheets hanging in the culture supernatant (Fig. 1B) . Fresh and dried biomasses of bacterial cells were 4,322.7 mg/l and 410.2 mg/l, respectively and fresh and dried weights of EPS were 184.6 mg/l and 112.1 mg/l, respectively (Table 1 ). EPS productivity was 1.5 mg/l/h and biomass activity was 5.7 mg/l/h. EPS of 0.3 mg was produced from 1 mg of biomass (Table 1) . HPLC results showed lactose consumption of 6.33 g in 52 h (accounting for only 15.5% lactose) from initial 80 g/l lactose in mTSB media, giving EPS product yield of 8.4 mg EPS/g lactose. Cell biomass of 0.1 g was produced from 1 g lactose and specific production rate of EPS was 0.1 mg EPS/g lactose/h (Table 1) . 
Chemical content of EPS
B. tequilensis PS21 EPS showed the highest carbohydrate content of 697.8 mg/g EPS accounting for 65% of the chemical content which was statistically different (p < 0.05) from protein content (361.4 mg/g EPS, 34%) and nucleic acid content (12.5 mg/g EPS, 1%) ( Table 2 ).
Functional groups of EPS by FTIR analysis
The FTIR spectrum of B. tequilensis PS21 EPS (Fig. 2 ) was very similar to L. plantarum 70810 EPS [10] and Pantoea agglomerans KFS-9 EPS [20] . Signature bands common to all polysaccharides were observed and attributed to functional groups, such as a wide stretching hydroxyl group at 3,434 cm -1 and the C-H stretching peak of the methyl group at 2,927 cm -1 [21] . Bands ranging between 1,088 and 1,643 cm -1 corresponded to the characteristic stretching of C-O links [20] . Wave numbers 904− 1,246 cm -1 were assigned to a broad stretching of C-O-C corresponding to glycosidic bonds and a pyranoid ring of carbohydrates. The peak at 904 cm -1 confirmed the presence of glycosidic linkage bonds, with absorption at 1,643 and 1,500 cm
, relating to the special absorption peaks of amide [20] , proving that B. tequilensis PS21 EPS was a protein-bound polysaccharide.
Morphology of bacterial cells and crude EPS
The morphology of B. tequilensis PS21 bacterial cells in mTSB media showed Gram-positive rod cells of Bacillus excreting extracellular EPSs (Fig. 3A) ; crude EPS extract was shown by SEM analysis to have a grainy appearance with an uneven surface, covered with pores (Fig. 3B ). This is similar to EPS morphology from Bacillus amyloliquefaciens isolated from marine slimy sediments in India [23] . The pores on EPS surface may offer water-holding capacity [23] . (Fig. 4) .
Sugar composition of EPS by HPLC analysis
Antioxidant activity of EPS and its anti-tyrosinase activity
Results showed that B. tequilensis PS21 EPS exhibited antioxidant capacity compared to the negative controls (water) as 57.5% DPPH scavenging, 37.2 µM Fe(II)/mg EPS using FRAP assay, and 34.8 µM TEAC/mg EPS using ABTS assay (Table 3 ). In addition, B. tequilensis PS21 EPS exhibited 34.9% tyrosinase inhibition (Table 3) .
Effect of EPS concentration on DPPH scavenging activity
The results showed that EPS concentrations of 5, 10, 15, 20 µg/ml showed no significant differences in DPPH scavenging antioxidant activity (%) at 22.6−25.0% (Fig. 5) .
However, DPPH scavenging antioxidant activities (%) were increased by almost three folds to 56.1−65.5% when EPS concentrations were increased by a thousand folds (5, 10, 15, 20 mg/ml). These results suggested that increasing EPS concentration (in mg/ml) is likely to increase antioxidant activity. When compared to ascorbic acid (a positive control) of the same concentrations of EPS, it was found that DPPH scavenging activity (%) of ascorbic acid (56.5− 69.4%) was significantly higher than that of EPS (22.6− 65.5%) at every concentration, except for 20 mg/ml EPS (Fig. 5) . D-mannitol (a negative control) showed no DPPH scavenging activity (%) at any concentration (data not shown).
Discussion
This is the first report of a novel exopolysaccharide produced by B. tequilensis PS21 isolated from milk kefir of Thai origin. Very few results are available regarding EPS syntheses and their antioxidant activities from Bacillus strains. Bacillus EPS offers a potential role in sewage treatment processes to remove heavy toxic metal pollutants [24] . EPSs from B. subtilis NRC1aza and B. subtilis MTCC 121 exhibited antioxidant or/and antitumor properties [25, 26] . Recently, B. amyloliquefaciens strain C-1 was shown to exhibit high antioxidant activities, and its EPS offered considerable potential for use as medical compounds or functional additives [27] . Thus, it is important to study production, and characterize and determine the bioactivities of B. tequilensis PS21 EPS to better understand its biological role in forming kefir grains in milk kefir conferring bioactivities as a function food to local Thai consumers. Results showed that B. tequilensis PS21 started EPS production at the exponential phase and continued through to the stationary phase, with EPS production at 112.1 mg/l at 52 h from 80 g/l lactose initial source although only 15.5% lactose consumption was observed at 52 h. This was approximately 7-fold higher than B. subtilis MTCC 121 which produced 15.8 mg EPS/l in basal medium containing 10 g/l glucose in 72 h at 37℃ [25] . On the other hand, it was found that B. thuringiensis S13, isolated from marine sediments in India, produced a higher yield of EPS at 292 mg EPS/l using 2.5% glucose and 0.6% peptone in basal salt media at 37℃ for 7 days at pH 7.0 than yields of 40−198 mg EPS/l observed in pH 5.0−6.5 [28] . This suggests that types and concentrations of carbon source, nitrogen source, pH, and medium have influential roles on EPS production in bacteria. Pediococcus pentosaceus P773, isolated from a spoiled beer, was found to produce 3,900 mg/l of EPS with 100 g/l of sucrose source for 48 h at an EPS production level sufficient for industrial application [29] . This figure was 24-fold higher than our EPS production, thus, our culture conditions require further optimization through varying influential factors affecting EPS yield as mentioned above and purifying crude EPS to reach industrial levels of EPS production. In addition, B. amyloliquefaciens BPRGS isolated from marine sediments produced maximum EPS production of 26.5 g/l at 37℃ and alkaline pH 9 at static condition for 96 h using 5% sucrose concentration and 1% yeast extract concentration [23] . The higher sucrose concentration from 6−10% appeared to inhibit EPS synthesis, indicating that substrate inhibition may occur. [30] . The sugar composition in BtqEPS is similar to our EPS; however, the sugar predominance is different. The fibrous, porous nature of its EPS was inferred from SEM analysis which was different in description to our B. tequilensis PS21 EPS with grainy and uneven surface, covered with pores. BtqEPS also exhibited antioxidant effects by scavenging reactive oxygen species and demonstrated strong reducing power. In addition, the EPS of B. coagulans from glucose mineral salts medium contained four monosaccharides (glucose, fucose, galactose and mannose) and produced significant antioxidant and free radical scavenging activities [31] . It was also produced during the exponential and stationary growth phases. Moreover, B. circulans, isolated from the slimy layer of coconut, produced EPS at all stages of culture growth and reached a maximum of 65 mg/l from sucrose by 96 h which was almost half our B. tequilensis PS21 EPS production from lactose. HPLC analysis identified the presence of four monomers of glucose, mannose, fructose and verbascose in B. circulans EPS with appreciable antioxidant, anti-inflammatory and anti-tumor activity [32] . However, some Bacillus strains produced hetero-exopolysaccharides with fewer types of sugars such as B. mucilaginosus SM-01 EPS containing only glucose and mannose in a molar ratio of 1.5:1 [33] . Differences in sugar compositions of EPSs depend on bacterial strains and hence their genes responsible for EPS syntheses, sugar substrate and ingredients in culture media and consequently, lead to their different functional properties [34] . The quantity of EPS produced by microbial culture is largely affected by the process conditions such as inoculum age, size, initial medium pH, incubation duration and agitation rate [35] . An unexplored aspect is the occurrence of rare sugars in some EPS compositions. Rare sugars, such as rhamnose or fucose, may provide EPSs with additional biological properties and thus increase their market value compared to those composed of the more common sugar monomers like glucose, galactose, fructose, xylose, [37] . This higher DPPH radical scavenging activity detected in our crude EPS resulted from the higher EPS concentration. Interestingly, our crude EPS at 20 mg/ml exhibited not significantly different (p > 0.05) DPPH scavenging activity at 65.5% when compared to 69.4% scavenging activity from 20 mg/ml ascorbic acid. This indicates that our EPS has a potential to be used as a natural antioxidant. Accumulating studies demonstrated that purified
EPSs were more effective on antioxidant ability in vitro than crude EPSs [38] . Therefore, further purification of our crude EPS using ion exchange or gel filtration column chromatography would be necessary to increase antioxidant activity at a lower concentration of EPS. Monosaccharides including galactose, glucose, rhamnose and mannose are effective reductive agents as they have a hidden aldehyde moiety [39] . The radical scavenging activity of our EPS via electron transfer and hydrogen atom transfer mechanisms from FRAP assay and ABTS assay, respectively may be based on their reductive nature. This might be attributed to its hydroxyl group and other functional groups in EPS, such as -COOH, C=O and -O-, which can donate electrons to reduce the radicals to a more stable form, or react with the free radicals to terminate the radical chain reaction [40] . In addition to antioxidant activities, our crude B. tequilensis PS21 EPS at 2 mg/ml showed anti-tyrosinase activity at 34.9% which was higher than 22.5−23.0% tyrosinase inhibition obtained from purified EPSs of B. licheniformis KS-17 and B. licheniformis KS-20 at 2 mg/ml isolated from the Korean fermented food, Kimchi [41] , suggesting the high promise of our EPS as a potential application in the cosmetic industry. To conclude, results regarding the characterization and bioactivities of a novel exopolysaccharide produced from lactose by B. tequilensis PS21 isolated from Thai milk kefir suggested that B. tequilensis PS21 shows promise as a candidate for a readily exploitable natural antioxidant and tyrosinase inhibitor, with novel insights and potential applications in the food and cosmetic industries.
